Abstract-The volume clamp method is a kind of non-invasive continuous blood pressure measurement methods, the traditional method is to convert light into a weak current to collect the signal of blood volume pulse by a sensor. In the process of signal transmission, it can be easily disturbed. We adopt a new method, the light is converted into frequency signal, by adopting a suitable method of frequency measurement, we can obtain blood volume pulse. This method improves anti-interference in the process of signal transmission, removes amplifier circuit and filter circuit. Meanwhile, this method also improves the measurement accuracy and real-time of system. On the other hand, due to removing AD, we reduce the cost of system. At the end of this paper, we set up a hardware platform to respectively acquire blood volume pulse with the traditional method and our new method, the results show: the blood volume pulse with our new method is better than that with traditional method.
I. INTRODUCTION
The volume clamp method was by Penaz first suggested in 1973 [1] . Its theoretical basis is when the arterial wall is in a state of unloading due to external force, external pressure is equal to the arterial pressure. Therefore, according to the fluctuation of blood pressure, we can adjust external pressure to make arterial wall always in a state of unloading with quick response servo control system. By measuring the applied pressure, we can get the dynamic value of arterial blood pressure.
PPG system has at least one light source and at least one light detector, we can measure blood volume pulse of the finger by PPG system which is fed into a servo control system to drive proportional valve. When the blood vessel is controlled in a state of unloading, the counter pressure equals intra-arterial pressure [2] [3] [4] . But this method has a serious drawback, the current signal of the sensor output is very weak, it can be easily disturbed in the process of transmission. Therefore, there are some trouble for the hardware design and the software design.
In this paper, we adopt a new kind of sensor, the light is arranged into frequency signal which is transmitted to the servo control system to control the blood vessel in a state of unloading. This method has two advantages: 1, strong anti-interference ability. 2, simplify the hardware circuit design. But the method need to adopt a kind of high precision frequency measurement method, we analyze several common square wave measurement methods and chose equal precision measurement method to measure the square wave frequency.
International Conference on Mechatronics, Electronic, Industrial and Control Engineering (MEIC 2015) II. METHOD PPG (photo-plethysmographic) system is a typical kind of noninvasive measurement technique and method [5] [6] , which is based on biomedical sensor technology. Through the real-time tracing the optical absorption at the measured position (the finger, ear lobes, nose etc.) to obtain pulsatile change of peripheral microvascular volume. Clearly, here we need to keep current of LED constant in order to keep light intensity constant.
According to the different location of the sensors, the detection of blood volume pulse of the finger is divided into transmission type and reflection type [7] . Because the reflection type has a higher requirement for the location of LED and sensor, this article adopts the method of transmission type which is shown in Fig .1 . The sensor on opposite side of LED converts light through the finger into frequency signal which is transmitted to the servo control system to control the output frequency of PPG system to reach the set value. At this moment, the arterial wall is in unloading condition, we can get the counter pressure in finger cuff by pressure sensor, the counter pressure is equal to intra-arterial pressure.
A. The Selection of LED's Wavelength [5]
Fig .2 shows the light absorption rate of hemoglobin at different wavelengths. The absorption capacity of red blood cell in blood is a closely related to the state of the hemoglobin in blood, the light absorption coefficient of HbO2 and Hb at different wavelengths has evident difference. In the red light district, the absorption coefficient of HbO2 is much smaller than Hb. In the infrared region, the absorption coefficient of Hb is less than HbO2. Because oxyhemoglobin is greater than hemoglobin in the artery, so we use infrared light. At the same time, in the 950nm wavelength, oxyhemoglobin absorption coefficient is higher, and near the wavelength, the absorption coefficient of oxyhemoglobin is almost constant, when the wavelength of LED has a little deviation, there is almost no influence for the absorption coefficient of oxyhemoglobin. Therefore, here we use a LED of 950nm wavelength. 
B. The Choice of Sensor
Here we choose TSL230RD which is a chip of TAOS. Its principle as shown in Fig .3 . 
C. Digital Frequency Measurement Methods [8]
The digital frequency measurement methods commonly used have period measurement method, frequency measurement method and equal precision frequency measurement method. Period measurement method is suitable for measuring the high frequency signal, the higher frequency of measured signal, the smaller error. Frequency measurement method is suitable for measuring the low frequency signal, the lower frequency of measured signal, the higher measurement accuracy. Equal precision frequency measurement method can measure signal which has wider frequency range, and the measurement error is constant in the frequency range of the measured signal. The accuracy of the three methods as shown in Fig .4 [8] , that the gate time is 5ms and the frequency of reference signal is 60MHz. The frequency that is the output of PPG system is in the range of 4K~10KHz. we can be seen from the Fig .4 , equal precision frequency measurement method has the highest precision in the range, and its precision does not change with the change of the frequency. Therefore, this paper adopts equal precision frequency measurement method.
D. The Principle of Equal Precision Frequency

Measurement Method
The principle [9] [10] of equal precision frequency measurement is shown in Fig .5 . In the process of measurement, there are two counters to count respectively for the standard signal and the measured signal at the same time. First of all, when the preset gate open signal comes (the preset gate signal rising edge), the counter does not begin to count, until the arrival of the rising edge of the measured signal, counter really began to count, then when the preset gate closed signal comes (falling edge), counter does not immediately stop counting, until the arrival of the rising edge of the measured signal, counter immediately stop counting and complete a measurement. The calculation formula of measured signal frequency) is as follows:
(1) *
Where Fx is the measured signal frequency, Nx is the number of the measured signal in the preset gate time, Fs is the frequency of reference signal, Ns is the number of reference signal in the preset gate time, Tc is the default gate time.
E. Experiment data of blood volume pulse
In order to compare the effect of the two methods for acquiring the blood volume pulse, we set up the hardware platform which is shown in Fig .6 . As shown in Fig .8 , the finger-cot contains finger cuff, senor and LED, the traditional method arranges light into current by sensor, which is transmitted to signal adjust circuit to amplify and filter and typed into Micro-Control Unit (MCU) through the AD sampling, our new method arranges light into frequency signal by a new sensor (for TSL230RD, S0=S1=S2=1, S3=0), which is directly transmitted to Micro-Control Unit. In Fig .6 , one finger-cot uses the traditional method, the other finger-cot uses our new method, two finger-cots are respectively wrapped in middle finger and index finger, as shown in Fig .7 , and then we give two finger cuffs a same suitable pressure by pump with manual valve, we can know the value of their pressure by pressure gauge. After that, we respectively collect signal of blood volume pulse with traditional method and our method by data acquisition and calculation unit which contains signal adjust circuit, AD sampling and a micro-controller unit. The data that be collected is sent to computer and then through the DA of data acquisition card (USB 2811) to output. We can see the blood volume pulse by oscilloscope, as shown in Fig .9 . In Fig .9 , The blue curve represent blood volume pulse by the traditional method, the yellow curve represent blood volume pulse by our method. We can see from 
III. CONCLUSION
Compared with traditional blood pressure measurement system of volume clamp method, our method has the follow advantages: 1, our method reduces the cost of system because of removing AD. 2, because the signal of transmission is frequency signal, our method improves anti-interference in the process of signal transmission. 3, due to removing amplifier and filter circuit, our method improves the real-time performance of system. 4, the filter circuit removes the high frequency components of blood volume pulse, but our method removes filter circuit, it improves the accuracy of blood volume pulse.
